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Patentanspruch: 

Plasmareaktor fOr die Pyrolyse von hochviskosen, teerertigsn, kohlenwasserstoffhal tigen Produkten, 
Inabeaondere von Taerol-FeststoffrOckstfinden aus der Kohl e-Druckvergasung, bostehend aus el nam 
beheizbaren Vorratsbahdlter, einer auswechselbaren Zumischpiatta sowie mit ain Oder mehreren 
austauschbaren DQsaneinaSfcen und ainer enisprachenden Temperatur-MeBeinrlchtung, einer 
Reaktionekammer und Qasquenchetnrichtung r dadurch gekemuelchnet, da& die hochviskosen, 
toerartigen, tohlenwasaeratoffhaltigen Ausgangsprodukte im VorratsbehSlter (2) auf 80 bis 130°C 
eiwarmt und mlttels einas baweglfchen Kolbens (10), voraugomt&e von untan nach oben, Qber 
Verbindungsteitungen von hftchstens 1 m LBnge bei konstanter Temparatur In die Zumischplatte (5) 
das Plasmastrahl-Reaktors (4)gefdrdert und dort Ober ain oder mahrere DOseneinsltze (6) bei DrOcken 
von max. lOat sartfcrocht *ur Strdmungsrichtung des turbuSenten Plasmastrahls zugafQhrt und etn 
acetyiervathylenhaJtigas Pyrolysegaa und Kohlenmonoxid entstehen. 

Hiereu 1 Seite Zeichnung 

Airwandungsgeblat dsr Erfbidtmg 

Oas Arwvendungsgebiet der E/findung betrifft die WasmapvTofyaevon flOssigen bzw. vorflOssigbaren KoH enwesseri toff en und 
von kofetefwassewtoflhalllflen Substraten, irtsbeaoruief a von Taare^tatttofffQckttlfKten aus der KonloOfudtvargacung, tu 
vcrzugiwche ungtuattigten KoWenwawemoflen, vof eJlem Acelyten und Athylen, Im WasMr3loff-Plasmastf ahl. 



In dan lettten Jahrzebnten smd kitarnaUonal one Ralhe von VorrlehUingen zur piasmaUiemischen Stoffwandhmg entwiUen 
und teervnfech I ealisiert wo/dan. aleak AuagangsmateriaJ zShflOsstge, bitumirvosa, obar auch feate KohtenMofTtrager etruelran. 
Oatoei vrird das Sei verfolgt plasmBchemlsehe Stoffwendlungen mit hoher Autbaute und mfigfichst gerir^em Enaigiaavfwand 
zu betteiben, wobei vVega aufgcaeiet werdaa wiemit Bfaunkohfeoder dercn Extrakten ate Ernsatzstoffe plasmachemischa 
Stoffwandlungan cbrchxufuhren sind. In der Patentschrifl DO- 159081 wird etna Vorrichtung zur Umwamttung fluasigef odar 
vofflusxigbamr Kohlenstorrtrager ru vorzugwelse Acetyten und Alhyten angegeben. Daami worde- -fie urrousotzenden 
Ausgangs4Coh!anw3ssarstofTa vemebaltund ate TWJptehenwofca mit ainam turbatemenWaisarstoif-PtasmastrahlvermUcra. In 
derSchriftDD-21B984 wird eine apezieOe Verduaungsvorrtehtungzum Einbringen von Ruaaigkeiten in rohrummenteho 
Hasmaslromungen mit dem Zlal ainer mdgfichat vollet§nrGgen plasmeehamuchen UmseUuag der nOwJgen 
Auagangsaubatanzon In riia gawunschtan Z^produkta bcsduieben. tn derDE-OS-2731 042 wird ain UdrtboganreaktOf 
beschrtebea in wetehem Kortfe von oben dureh rotierendan Uchlbagan hlndurch, «rvy»peht wf rd. EbenfeU* mit rtnr I Jmsettuno 
von Kohie, die lain gemahJen ins Gomtsthmlt Waasaretoff bzw. Methan aJsTrfiger einer eletotschen Boganantiadunqiugefuhri 
wird, befasaen skh dio SchriftenDE-OS-31 2S019; US-435ee20; US-4378232 und GB-1 039092. In aina Uchlbogankainmar kann 
puhrafisterie Kohie auch Im Cernisch mil ainam 61 odergasfonnigeh KoWanwassmtofl etagebracht warden fUS-4010090). Kb 
VtatawttU einer flOssigen Kente-Suspension Ufit sich auch durdicfie Zugaba von CCVCac in Gastalt f ainer Blasen vor der 
enfQhrung in einen Haama^aaktor waiter berabsaizen und die Dispersion der Suspension boim Sintrltt in dan Raaktor 
varbasaarh (US4863 tee). 

Die batcannten VoniehCungen basehrankan sich auf dis Pyrtrfyso van Feabtoffen (2. a Kohle) taw. auf die Urneotaing von 
FtOssigkeHen (Ote, Kohfelnhaltssioffe) Oder auf Gomfecrte aus beiden Komponenten. Dabei wird in den moisten Fallen dam 
eiektristhen Lichtbogen bus technfschen und hfetorischcn GrOndan gegenOber dam Rasmestrahl der Vorzug gegaben. Bei der 
plasmachamisehan Urnsauung der Kohie erf order n Mahlung auf KornanSBen von einlgen hundertstel Millimatern und 
Troclemmg ainan arhohtan Auf wand Zur Fyroiyse der faingamaMenan Fealstoffa wer don teifwabe Suspansionon mit 
FtQssigkeiten hergesteltt sowie cusAtdich HiHsgase fur die Einbringungen in den Ptesmanaaklof eingaseizt. 



ZleiderErftndung 

Zief der Erhndung ist eine oufwcndigeTrocknung der Ausgangs^Kohtenwasseratoffc sowie ihre Mahlung auf geringe 
KomgroQen tu vermeiden und eine maximale stoffUche Nutzung der m'rt dem Kohlenstoif trager in den Reaktor eingebrachten 
KohienstoiT* und Wasserstoifsubstans unter Venicht auf ZusSoe von Dlsperglerhilf smhteln, Ldsungsmiualn baw. Waasar ode r 
anderen geergnelen Additiven xur lierabsetatung der ViskositSt jw er reichen. 



DarSegung das Wesens der Erfindung 

Der ErBndung liegtdie Aufgatoezugrunde>einen Plasmareaktor aurkomplaxen stof Oichen Nuuung der Kohtenstoff-Wesaerstoff- 
Substancvon Teerdl-Feststof fruckstanden auadar Kohl o-Dr uckvorgasung, aber auch von Kohtenwaasera toff on anderer Harkunh 
mit Shnlichen stofflichen Ergenschaften zu entwickaln. 

ErfindungsgemSB besteht der R asmareattor aus efnem behebbaren VorrattbehSHer, der Qber eine Verbindungtieitung von 
hdchstens 1 m Uinge mit einer auswachsaibaren Ziimischpiatte verbunden Ut die wiedemm Bestandieiieincs PlBsmastrahl* 
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Realtors, bastehend aus Piasmatron, Zumlschptana, Kealotorakammar und GasquencJielnrtchtung, 1st Oar VomtgbeWMcr 
bottom «us elnem tytmdrUchan ftohr eur Atrfnehme dor elnzusettanden hochvtskoean, taerardgen, toMainmsMrstofmatijgafi 
Prechitcm, alnem In <ftescm engeordnatcn und Ui vertlkeisr ftkhtung vtrechiahbaren Koibon undenUpfethenden 
Heiulnrkhtungan am Autenmaatal det zytfoottsehen Rohres. dia Qber etna Temper au)r% MeO- und Rooelttivf ehtting auf 
ItOfistinUr Tempereturgchelten warden kfirmen, Daa glakha gHl I Ir dk kurre Verbindungifahuntf zwirchen Vcrretabahiltor und 
ZumiichplattB, Dia euswachseibere Zumtschplatta besleto aus erryfodrischtn Schaibe aus Kupfor, in daren Zcnirum lich oin 
DurcWaSfur^envertBalvonobOT 

sum tonarr i DureWefl, deran Durehmeaaer unmiltalbarvOr Erre<fcendet inriafanDurchlasses durch etnan austauschberen 
rdsaiu^*atrvei*Rgtwirdsowfealne^ 

etiupreiiendenZu- und AbtttUA^ftoKBMmftal dar 
hochviskosan, u^tarUgan, koNartvrtsierttaf fhantgen Produfcte. 

Die Ausga rtgskohtenwassafftoffo warden ImVemlibaMUtsrauf 8Dbii 1 H)*C erw& rmt und dutch efc» fiber ein Zahnradpetriebe 
gezfeit •teuerbare Bewogung ainaa Ko&ans von untan nachoben fiber cine VerbtooungaJeitung von riochstena 1 m tfnga und 
Del konstantar Tomparatur In di«2um)echplaue das PJasmastrariMteaktoni gefordert ond dort fiber oin rxJar mehrore 
OQsanaifiaaiaa bai OfOatafkbtomsx. 10 
asrumZerreiBendeaeingaspria^ 

Aulhei&ing und Ihrem thermischen Abbau mitansthli&Oender chamischor Umsetzung ko* mt undaln et*ty4eii4ihyienhalt»nes 
Pyrolysegas und KoWeniwncxW gebitdet warden. 



AusfflhransstjefepW 

In darzogehfirigan Zetchming 1st tie arOndungsgemSBa Vorrichmng schamaiisch dargesiellL Dar Plasmastr ahl-Reaktor 4 
haatohtaus Masmatml.Zurniacfcajil^ 5 
wKlVorrat*behffliar2aindfibefe^ 

AuOanmanta! mtt HaMorichtungan 12vereehen. DarVdiretcbahaimr 2besteht auselnam jyfii^schenftohr 11 ttndainem In 
cfiasesn angaordnaten und In vertikster Rtcrmmg v^chtobbanm Kolben 10* Dia Zumlschpiatta 5 bastaht ana aifierxytu-idrtschen 
Schefce 13auslCu^,indaran2ararumweheli >clila&14fuf denPtesmejtraNb^ ISvom 
AuOewnaMd Wa mm binaron Durchtaft M # defer, jurchmasser unmHtelbar vor Erralchan daa fnneren Durchlasaes 14 durch 
aioan aiistausehbaran Oteneinsatz 6 varangt wird cowte einer weiteren rsdkfea Bohnmg aur Aufnahme eina/Temperatur- 
MaAeittrtehtung7ijnd eruapreertendenZu* uitd AWetamgen 10: 17 fflrKOWmtaal 

Dar vom Plasmairon 1 erzcugte Wassamofl«PI wmastrehl strdrnt vertikal von oben ntch untan durch die RauaWiahen des 
PlasntaatrehHteej&ors 4. Die Ausganga-KorOerwaswttotfe, insbesondera hcchviskosa Teardl-Fastatof f*RQckslinde aus dar 
KoNe-ttruckvergasung, warden an Vorre tsbeh alter 2 auf 90*C MwSrmt und auc diaaam unter Konttantfiatui ng der 
Vorwfirmtempef ltur miUeis Kolbandrudca flber die tone Vcr bfndungstertwig 3 in dia Zumisehptetto 5 das HaamasiraW- 
Reakton 4 gRfdrriert und dort ubw den Duscneinsatz 6 untcr hohem Druck (£10 a!) icnkrocht zur Sir^mungsrichtung des 
tufbutauen PiasmastraMs dorart aigefuhn, daa as sum Zerraiften dea alngaspittctan Substarostrbmas durch das Piaama, xur 
BUdung von Trdpfcharw Ihrer Verwirbatung, Aufhe«ung und Ihram thermUchen Abbau mil ansehliaOondar chemischer 
UmseUung kommt und ain aeetylan-3 lb ytenhaJUgas PyfOtysagas und KcWenmonoxld gabUdst wordan. 
In einm wefieien AusfDljrunosbeispiBl wordan Visbroakar-Rucksl3nde dar Erdolspaliur.g, ola balRaurnternparoluren eine 
hornooano* airuparuga Masse der Zusammansettung 85Ma.-% KoNenatoff, 1 DMa,-% WesserstoW und 5% Sand bzw. Schtacke 
bitderu bn Vorratabahfiitar 2 auf 130*C awftrmt und aus dlasem mftets Kofcendrucks Ober drei glefchmefiig Qber dan Umfang 
des Dusanainsatas Bvettetlte Bohrangen von 1 mm Ourehn aasor senkrecht affPtesmostrernung alngaapatet Daa nach 



H 2 -WVof^fc 
C,H» -.lUVel^ 
CH« — 2.5Vd.-% 
- 1 f 1Vd.-% 
CO - 03VoL-% 
Son&Uge — UVel.*. 

Oiese opUmaten Pyrolyaebedingungan lessen aich durch Korralauon dor naehsiahand auf gefDhnan Parameter von Einsaustoff 
und Plasma und dan DurchJaft-Abmasiungen at retchen. 
Masmaparameter und DtireMa&^brnassungan: 

EntolpiadaaWaaseratoffplasmas 3kWh/m 3 

miittereTemparatur 3800 K 

Druck 10* Pa 

WasaerstoffOurcnsaU 3m*/hbeiSC0K 

IfchteWeftedes Durchiasses 14 ?-10^m 
Perameter dar umaueeliendenvTabrefiker^QcksUnda: 

BnvhtsgeschwindigkeH 1m/s 

Dlchtoben2» # C OB0kg/m» 

Zumiscfeing 2« iCm'yh 

rnhJlerarTrdpUuuvDurdirnesser 200pm 

Gasanrt-Veiwaazflii Im Plasma 4-10" 1 *. 
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(57) The invention concerns a plasma reactor for pyrolysis of highly viscose, tarlike, hydrocarbon- 
containing products with the goal of a rational utilization of the carbon and hydrogen substance contained 
in these materials for production of unsaturated C 2 -hydrocarbons and carbon monoxide in the hydrogen 
plasma jet. From a thermostatically controlled reservoir, piston pressure forces creosote solid residues from 
pressurized coal gasification into the mixing level of a plasma reactor, where they are injected via one or 
more nozzlelike constrictions into a turbulent hydrogen plasma at the side of and perpendicular to the 
direction of flow of the plasma. Thanks to suitable choice of the injection conditions, the injected flow of 
substance is torn apart by the plasma, forming droplets, producing a vortex, heating and accomplishing a 
thermal breakdown with subsequent chemical conversion, especially into pyrolysis gas containing 
acetylene, ethylene and methane. 
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Patent claim: 

Plasma reactor for the pyrolysis of highly viscose, tarlike, hydrocarbon-containing 
products, especially creosote solid residues from pressurized coal gasification, consisting 
of a heatable reservoir, an interchangeable mixing plate, as well as a reaction chamber 
with one or more interchangeable nozzle inserts and a corresponding temperature 
measuring device and a gas quenching device, characterized in that the high viscose, 
tarlike, hydrocarbon-containing starting products are heated in the reservoir (2) to 80- 
130°C and delivered by means of a movable piston (10), preferably from bottom to top, 
via connection lines of at most one meter in length, at constant temperature, into the 
mixing plate (5) of the plasma jet reactor (4), where they are fed via one or more nozzle 
inserts (6) at pressures of maximum 10 atmospheres, perpendicularly to the direction of 
flow of the turbulent plasma jet, resulting in pyrolysis gas containing acetylene/ethylene 
and carbon monoxide. 

Plus 1 page of drawings 

Area of Application of the Invention 

The area of application of the invention concerns plasma pyrolysis of liquid and 
liquefiable hydrocarbons and hydrocarbon-containing substrates, in particular, creosote 
solid residues from pressurized coal gasification, preferably forming unsaturated 
hydrocarbons, especially acetylene and ethylene, in the hydrogen plasma jet. 

Characteristics of the known State of the Art 

In recent decades, a number of devices for plasma-chemical transformation of material 
have been developed internationally and implemented technically, using as their starting 
material viscose, bituminous, and also solid carbon carriers. The goal pursued is to 
produce plasma-chemical transformations of material at high yield and with lowest 
possible energy expense, pointing out ways of producing plasma-chemical material 
transformations with brown coal or extracts thereof as the input materials. In the patent 
DD- 159081, a device is indicated for transforming liquid or liquefiable carbon carriers 
into preferably acetylene and ethylene. The starting hydrocarbons being transformed are 
nebulized and mixed as a cloud of droplets with a turbulent hydrogen plasma jet. In 
document DD-2 18984, a special atomizing device is described for bringing liquids into 
pipe-jacketed plasma flows with the goal of accomplishing the most complete plasma- 
chemical transformation of the liquid starting substances into the desired target products. 
In DE-OS-2731042, an arc reactor is described, in which coal is fed in from above 
through rotating arcs. Likewise dealing with the transformation of coal, which is finely 
ground and fed in mixture with hydrogen or methane as the carrier to an electric arc 
discharge, are the documents DE-OS-3 128019, US-4358629; US-4378232 and GB- 
1089092. Pulverized coal can also be brought into an arc chamber in mixture with an oil 
or gaseous hydrocarbon (US-4010090). The viscosity of a liquid coal suspension can be 
further reduced before being brought into a plasma reactor by adding CO2 gas in the form 
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of fine bubbles, improving the dispersion of the suspension as it enters the reactor (US- 
4563196). 

The known devices are confined to the pyrolysis of solids (e.g., coal) or to the 
transformation of liquids (oils, coal components) or mixtures of both of these. In most 
instances, for technical and historical reasons one prefers an electric arc to a plasma jet. 
In plasma-chemical transformation of coal, the grinding down to sizes of several 
hundredths of millimeters and the drying necessitate an increased expense. Sometimes 
suspensions with liquids are prepared for the pyrolysis of finely ground solids, and 
auxiliary gases are also used to bring them into the plasma reactor. 

Purpose of the Invention 

The purpose of the invention is to avoid a costly drying of the starting hydrocarbons, as 
well as a grinding of them to small grain sizes, and to accomplish the maximum 
utilization of the carbon and hydrogen substance brought into the reactor with the carbon 
carrier, without the use of additives such as dispersing agents, solvents or water, or other 
suitable additives for lowering the viscosity. 

Presentation of the Essence of the Invention 

The basic problem of the invention is to develop a plasma reactor for complex utilization 
of the carbon and hydrogen substance of creosote solid residues from pressurized coal 
gasification, as well as hydrocarbons of other origin with similar material properties. 
According to the invention, the plasma reactor consists of a heatable reservoir, which is 
connected via a connection line of no more than one meter length to an interchangeable 
mixing plate, which in turn is part of a plasma jet reactor, consisting of plasmatron, 
mixing plate, reaction chamber and gas quenching device. The reservoir consists of a 
cylindrical pipe to receive the highly viscose, tarlike, hydrocarbon-containing starting 
products, a piston arranged therein and able to move in vertical direction, and 
corresponding heating devices on the outer jacket of the cylindrical pipe, which can be 
maintained at constant temperature via a temperature measuring and regulating device. 
The same holds for the short connection line between reservoir and mixing plate. The 
interchangeable mixing plate consists of a cylindrical disk of copper, at the center of 
which is an opening for the plasma jet flowing vertically downward from above, a radial 
borehole from the outer jacket to the inner opening, whose diameter immediately before 
reaching the inner opening is narrowed by an interchangeable nozzle insert, and another 
radial borehole to accommodate a temperature device and corresponding inlet and drain 
lines for cooling agent to maintain a constant preheating temperature for the highly 
viscose, tarlike, hydrocarbon-containing products. 

The starting hydrocarbons are heated to 80 to 130°C in the reservoir and delivered by a 
movement of the piston from bottom to top, controlled by a gear mechanism, across a 
connection line of no more than one meter length and maintained at constant temperature 
to the mixing plate of the plasma jet reactor, where they are fed by one or more nozzle 
inserts at pressures of maximum 10 atmospheres perpendicular to the direction of flow of 
the turbulent plasma jet so that the injected substance stream is torn apart by the plasma, 
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forming droplets, which are swirled, heated, and broken down thermally with subsequent 
chemical transformation, forming a pyrolysis gas which contains acetylene/ethylene and 
carbon monoxide. 



Sample embodiment 

The corresponding drawing schematically shows the device of the invention. The plasma 
jet reactor 4 consists of plasmatron 1, mixing plate 5, reaction chamber 8, gas quenching 
device 9 and reservoir 2. The mixing plate 5 and reservoir 2 are joined together by a short 
connection line 3. Both elements are provided with heating devices 12 on the outer 
jacket. The reservoir 2 consists of a cylindrical pipe 1 1 and a piston 10 arranged therein 
and able to move in vertical direction. The mixing plate 5 consists of a cylindrical disk 13 
of copper, at the center of which there is an opening 14 for the plasma jet, a radial 
borehole 15 from the outer jacket to the inner opening 14, whose diameter immediately 
before reaching the inner opening 14 is narrowed by an interchangeable nozzle insert 6, 
and another radial borehole to accommodate a temperature measuring device 7 and 
corresponding inlet and drain lines 16, 17 for heat transfer agent. 
The hydrogen plasma jet produced by the plasmatron 1 flows vertically from top to 
bottom through the structural elements of the plasma jet reactor 4. The starting 
hydrocarbons, especially highly viscose creosote solids residues from pressurized coal 
gasification, are heated to 90°C in the reservoir 2 and delivered from this under 
constantly maintained preheating temperature by piston pressure across the short 
connection line 3 into the mixing plate 5 of the plasma jet reactor 4 and fed there via the 
nozzle insert 6 under high pressure (< 10 at.) perpendicular to the direction of flow of the 
turbulent plasma jet, so that the injected substance stream is torn apart by the plasma, 
forming droplets, which are swirled and heated and broken down thermally with 
subsequent chemical transformation, forming a pyrolysis gas containing 
acetylene/ethylene and carbon monoxide. 

In another sample embodiment, Visbreaker residues from petroleum cracking, which at 
room temperature form a homogeneous, syruplike mass with composition of 85 m.% 
carbon, 10 m.% hydrogen and 5% sand or slag, were heated in the reservoir 2 to 130°C 
and fed from this by piston pressure via three boreholes of 1 mm diameter, distributed 
evenly about the circumference of the nozzle insert 6, perpendicular to the plasma flow. 
The pyrolysis gas leaving the reactor after quenching had the following composition: 

H2 - 82.9 vol. % 
C2H2 - 11.4 vol. % 
CH4 - 2.5 vol. % 
C2H4 - 1.1 vol. % 
CO - 0.6 vol. % 
other- 1.5 vol. % 

These optimal pyrolysis conditions can be achieved by correlating the following listed 
parameters of input substance and plasma and the dimensions of the opening. 
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Plasma parameters and dimensions of the opening: 

Enthalpy of the hydrogen plasma 3 kWh/m 3 

mean temperature 3500 K 

Pressure 10 5? Pa 

Water flow rate 3 m 3 /h at 300 K 

clearance of the opening 14 7-10" 3 m 

Parameters of the Visbreaker residue being converted: 

Entry velocity 1 m/s 

Density at 120°C 950 kg/m 3 

Mixing rate 2 10" 3 m 3 /h 

mean droplet diameter 200 /xm 

Total dwell time in plasma 4- 10" 3 s 
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Kev: 

Wasserstoff = hydrogen 
Kiihlwasser = cooling water 

Quenchgas = quench gas 
Pyrolysegas = pyrolysis gas 
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